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Simulated Arterial Pressure Tracings'

Case Example*
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Physiologic computational modeling, Am J Physiol. 1991;260 : H146-H157
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Impella Protected PCI

Exploring the Mechanism of Ventriculoarterial Uncoupling

Christophe Vandenbriele, MD, PuD,*" Tim Balthazar, MD,* Stefan Janssens, MD, PuD,*
Tom Adriaenssens, MD, PuD,” Johan Bennett, MD, PuD"
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Impella&EPV loop
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BREIET>>ANS RCT in HRPCI

PROTECT II

Unprotected LM/Last Patent Conduit and LVEF<35% OR
3 Vessel Disease and LVEF<30%

| IABP + PCI | |

IMPELLA 2.5 +PCI

. N .

Primary Endpoint = 30-day Composite MAE* rate

il

Follow-up of the Composite MAE* rate at 90 days

Maximal Decrease in CPO on device Support pr
from Baseline (in x0.01 Watts) MAE

IABP Impella 51.0% 2%

42.2% =~

R 40.0%
34.3%
N=211 N=210 N=215
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Log rank test, p=0.048

20 30 40e=50" 60 70 80 90

Time post index procedure (days)

MAE= Major Adverse Event Rate

O’ Neill WW et al. Circulation. 2012;54:312-321



BREIETANS RCT in CS

RANDOMIZATION IN CARDIOGENIC SHOCK IS CHALLENGING
Attempted Randomized Impella® Trials In Emergent Settings

Pts Pts Duration Discontinuation
Study Trial ID Condition Required Enrolled Status Reason/
(months)
(n) (n) comment

FRENCH TRIAL (2006) NCT00314847 AMI CS 200 19 52 Discontinued Low Enrollment

Non-Randomized

ISAR-SHOCK (2006) NCT00417378 AMICS 26 26 19 Completed  Execution; Cardiac
Output Study

IMPRESS in STEMI (2007) Ao - STENR 18 22 Discontinued  Low Enroliment

RECOVER | FDA (2008)  NCT00596726 PCCS 28 Completed Feasibility Study

RECOVER Il FDA (2009) NCT00972270  AMICS 384 18 Discontinued  -CW Enroliment;
50 IRBs approved

RELIEF | (2010) NCT01185691 ADHF 20 33 Discontinued Low Enrollment

Cardiac Arrest Low Enroliment;
IMPRESS in CA (2016) NTR3450 Mechanical >100 52 Discontinued Non-Randomized
Ventilation Execution

ABMD funded,

DanGer SHOCK (2012) NCT01633502 AMICS 360 Enrolling ongoing




BREIETANS RCT in CS

A Randomized Clinical Trial to

Evaluate the Safety and Efficacy of a

Percutaneous Left Ventricular Assist Device

Versus Intra-Aortic Balloon Pumping for Treatment

of Cardiogenic Shock Caused by Myocardial Infarction

Melchior Scyfﬂrth, MD,*+ Dirk Sibbing. MD,* Iris Bauer, MS,* Gt:org Frohlich, MD.,+
Lorenz Bott-Fliigel, MD,T Robert Byrne, MB, MRCPL* Josef Dirschinger, MD,T
Adnan Kastrati, MD,* Albert Schijmig, MD*t
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VENTRICULAR SUPPORT

The Use of Impella 2.5 in Severe Refractory Cardiogenic Shock
Complicating an Acute Myocardial Infarction

FREDERIC CASASSUS, M.D.,! JEROME CORRE, M.D.,' LIONEL LEROUX, M.D., Pu.D.."
PIERRE CHEVALEREAU, M.D.,>2 AURELIE FRESSELINAT, Pu.D.,> BENJAMIN SEGUY, M.D.."
JOACHIM CALDERON, M.D.,* PIERRE COSTE, M.D., Pu.D.,' ALEXANDRE OUATTARA, M.D.,
Pu.D.,* XAVIER ROQUES, M.D., Pu.D,* and LAURENT BARANDON, M.D., Pu.D®

ACUTE CORONARY SYNDROME

The Current Use of Impella 2.5 in Acute Myocardial Infarction
Complicated by Cardiogenic Shock: Results from the USpella Registry

WILLIAM W. O’NEILL, M.D.,' THEODORE SCHREIBER, M.D.,> DAVID H. W. WOHNS, M.D.,?
CHARANIJIT RIHAL, M.D.,* SRIHARI S. NAIDU, M.D.,”> ANDREW B. CIVITELLO, M.D..°
SIMON R. DIXON, M.B., Cu.B.,” JOSEPH M. MASSARO, Pu.D.,* BRIESHWAR MAINI, M.D..°
and E. MAGNUS OHMAN, M.D."*

® FivhDMITENRELZ EIL/ERE
® L NELRMITHEE

® i=[FHADLVEFN=

o JoHA., REIDFENE




VFCEMITRNENRIEN DS EN DS

& DIEBIR S

Impella THOAMIEF D IR~
Impella CCCUE EH([ZVFI

BT

—DCETITI0H UL EAMS>TLVS
—>BESAVICEHEAHLDTDCMTNELEATLS !

)
f‘]\’J\l‘fﬂ"{VM'i\"[\fw’\rf‘r‘i\f]Em&w‘mﬂwﬂwﬂ¥ﬂvﬂwww“"%wmww:k s : ettt
AR A A AN A

b e i T,
wkvw.«Mvwhfk\‘Mw'w‘#rf-#‘v‘*\f"'r‘f"*‘»“‘-~‘~'«-’w"’r’-




VFCEMITENRENMRIEN S CENDH S

150
ImpellaBg#a
‘ Spontaneous|ZVF ’

meE

EREE

E)?zl_'-v_ E: 25 “ = Volume(mf)m * 0 =

E=ERE

EERE

4 1:10:00 1:20:00 1:30:00 1:40:00 1:50:00 2:@0 q

v 25 30 35 40 45 50

Volume (mL) [



Pressure

Cardiac Power
Output

Hemodynamic Protection

Volume

IABP

_ (aortic root)

*

T ousw

Pressure

F;;Au;,
X
"

\
~
nm v =
s e
~
~
-

Aortic

¥

Inflow
(ventricle)

= r"_"}_

iy

4
wall

Tension

Microvascular
Resistance

AT

Coronary

Volume

pLVAD

P

Unloading of Left Ventricle

EDV, EDP

v

Mechanical

Work

ly l O 2 Demand

Pressure

Volume

ECMO

2

»

® AmMIXIELL A,
Partial support & Total
support CIEHE N KE
GED,

® Total support TIXEE %
HEMDLGYETIT S
DTLLARE MR HAIE
TI5EHH5,

® HARERTEELAL
Impellald X .

® "D ILTotal supportZ
w~L7T=0Y,

® EaDS1 2 HLEDPVRDS
AB1IEADEMNLLY !



Impellaz IR BICHOMITENEFIEO SR




ZEUnloadingO) &l WBIGEIS ?

/ ECMO LY fE{# TIABP LY A7 M7
e



ZEUnloadingO) &l WBIGEIS ?

ECMOK Y18 TIABP KLY 38 H7E M 1T
/ EREMBI T /N1 R

2

__1ABP [ V-AECMO | Impella

m__m“mm_ Wall stress{E FAPVAIE T2 &5 FIE D
e BUVRRREA ! 7

Partial support
15 10 % PR
= 4 A\ 4
? 4 %0 ! a % 1w
H
= / |
" /
ol > S i ® /
0 ok o ._
o o o L} o o a 100 P 0z 0
1 EEOU

2

® TEIDARFEE
® ZIfEENDyERIE
® LMEMEROBREDLAZED AN —



PV loopTiie C H7EIE =PVA#DH

RERFRICESEMT M ?

vV IDERBEOAMEFETIZ10%KEETIZIERL-

V LD IDEBRF A= RIRIDER) DEFIXZTDEZEDIDEREEE
BETZ5IERIL. IDAEEREZEDIUHNDAETHKIET S

V RRHEDAEREFTTERT ALERTOERE L
S ATEL

Increasing in heart

I Early reperFusm‘n |  failure after MI




EMicxUTOImpellaO)#h R

Impella
/ : \
iEH &N PVAfi&E /)N
(Z 1y +Impella) l

///A\\\ DEFBFERET
mEEM  EERRKHEET \
=

= Wall stress{E T Demand
Supply
TR LR e
18 1] % 1o 4% ZE B 51 FE] B pE T O HNE| LR OENIZ LY
ARNEOMT LR SR RRA R

Saku et al. BFITEIREF AT



EMIcxUTOImpellaO)%h R

Impella

( : |

DR EE N PVARE />
(Zily+1Impella)

A

LE\IJE“E%"‘:)*EE%BEZJE”E' P == 0) [ It ;:t”no)i%j][”:J:U

Saku et al. BFITEIREF AT



Total support of Impella reduces Mi

and prevents the worsening of HF

QEIQIN el e BIIQI E Circulation: Heart Failure
Left Ventricular Mechanical Unloading by Total Support == 585
of Impella in Myocardial Infarction Reduces Infarct

Size, Preserves Left Ventricular Function, and Prevents
Subsequent Heart Failure in Dogs

® Dog
® 3 hrs Ml and reperfusion

® Assessment in a month after Ml Infarct size (%)

20 -
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Saku et al. Circ Heart Fail 2018.



Total support of Impella reduces Ml

and prevents the worsening of HF

Circulation: Heart Failure

ORIGINAL ARTICLE

Left Ventricular Mechanical Unloading by Total Support ===== ﬁa:;:.

of Impella in Myocardial Infarction Reduces Infarct e D

Size, Preserves Left Ventricular Function, and Prevents =277 e
- - L] oy L - = " ’ rere—

0 15 30 45 fo@ \\Q~
LV volume-Vj (mi)

Saku et al. Circ Heart Fail 2018.
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Ischemia-reperfusion injury

Theoretical infarct size

. in absence of PPCI (AAR)
2 ”
P Myocardium salvaged by
i timely and effective PPCI
”
N ’ 'a . .
D - 1 cté?l infarct size after
. . PP
g Infarction
= due to reperfusion injury
- o S g O Theoretical infarct size
. If reperfusion injury
Infarction oy ented
due to
ischemic injury

Ischemic time Reperfusion time

! ¢
Onset of PPCI
chest pain

Hausenloy et al. JCI 2013.



Pathophysiology of IR injury

Thrombotic Coronary Occlusion
J

ST elevation Myocardial Infarction
}

/ Reperfusion with PCl/Thrombolysis \

ROS | /' Rapid pH

: ; ; Inflammation

Impaired Xanthine L Overload Washout of PRI

i oxidase and Reverse function lactic acid - 2
Metabolism \ mitochondrial of Na*-Ca*+ and activation ce";dohse"g::'omzf:u'es

oxygen exchanger of Na*-HCO ; ¢
‘ transport chain ,\ ) transportara Complement
?d‘;’;h&"ﬁ:.a"d H nrng::tyr taecture Atherothrombotic emboli

FOUYN Py yee Platelet emboli

| Microvascular spasm/edema

Mitochondrial Permeability
Transition Pore Opening
1!
Myocyte and Endothelial Cell Necrosis
}

Lethal Reperfusion Injury

Prasad et al. Circulation 2009.
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Unloading 'before reperfusion

Basic Science Review

Percent (%)

Mechanical Left Ventricular Unloading
Prior to Reperfusion Reduces Infarct Size
in a Canine Infarction Model

Hela Achour, mp, Fernando Boccalandro, mp, Patricia Felli, James Amirian,
Margaret Uthman, mp, Maximillian Buja, mp, and Richard W. Smalling,* mp, php
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Clinical trials also suggested it

100% —

s0%{ |

ol e (e ) PCHICSEAT U CTimpellaZz R
0%1 - impella Post PGI L/j‘_:jlj_b \ ,u\%@/__ﬁaéb
R <& 235 E L\ T & US-pella

0%

Survival Rate

e =" registry¥2IQ database TH

Days from initiation of Impella 2.5 support

154 101 88 79 69 67 63 HH ‘5 b\ (: Td: j 77: o

Number of patients at risk

Figure 3. Kaplan-Meier curve survival to 30 days. CS, cardiogenic shock; DBP, diastolic blood pressure; MAP, mean arterial pressure; MV,
mechanical ventilation; NSTEMI, non-ST elevation myocardial infarction; PVD, peripheral vascular discase; SBP, systolic blood pressure.

Lower95% Upper95%
ConfidenceLimit | Confidence Limit
for Odds Ratio for Odds Ratio

Odds Ratio

Variable StandardError | Pr> Chi-Square 5
Estimate

Age -0.0184 0.00242 <.0001 0.982 0.977 0.986
Gender - Male 0.0362 0.0327 0.2678 1.075 0.946 1.222
PA catheter use 0.2538 0.0298 <.0001 1.661 1.478 1.867

Impella used Pre PCI 0.1467 0.0291 <.0001 1.341 1.196 1.503

Impella CP use 0.1241 0.0341 0.0003 1.282 1.121 1.465
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Ischemia-reperfusion / Postconditioning (nsuiin?)
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The concept of DTU
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STEMI DTU Pilot trial

DTU-STEMI Results: Primary Safety Outcome
STEMIDTU

Clinical Variable U-IR (n=25) U-DR (n=25)  p-value
CV mortality, n (%) 1(4%) 1(4%) NS

SAFETY & FEASIBILITY STUDY

H H 0,
STEMI patient indicated for PPCI e I ) L L A

z Stroke or TIA, n (%) 1 (4%) 0 NS

Patient meets all inclusion criteria Traditional 30-Day MACCE, n (%) 2 (8%) 1 (4%)
Age 21-80 years . . .
First Ml Major Vascular Events, n (%) 0] 2 (8%)

Acute STEMI (ST elevation 22 mm in 22 contiguous or 24 Total Composite 30-Day MACCE, n (%) 2 (8%) 3 (12%)
mm ST-segment deviation sum in anterior leads)

Presents within 1-6 hrs symptom onset

Informed Consent Infarct Size / Total LV Mass (%) Infarct Size / Area at Risk (%)

*
Enrollment and Randomization pigS3 p=053 b Ll L
n=40 n=236 n=34 n=30

r
] B o oA
30 min unlc\)l’ading, then Initiate utloading, ﬂ E a B H H

PPCI immediate PPCI
p=0.28 p=0.10 p=0.09 p=004
| I n=40 n=35 n=33 n=30

v

Explant Impella after 3-4 hrs support

v

Composite of MACCE at 30 days

0
Total STE>4 STE>5 STE>6 Total STE>4 STE>5 STE>6

— D1 EE Pivotal triall2ES C &L A gELGFL R
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Primary mechanical unloading in high-risk myocardial infarction:
Perspectives in view of a paradigm shift

Luca Baldetti *, Alessandro Beneduce, Federico Pappalardo

Intensive Cardiac Care Unit, Advanced Heart Failure and Mechanical Circulatory Support Program, Cardio-Thoracic-Vascular Department, San Raffaele Scientific Institute, Milan, Italy

/\ . Primary
> PCI

FMC: EMS

A J

strategy
Non-MCS centre
High-risk STEMI identification
(out-of-hospital setting)
* ECG: extensive M|
* Killip Class II-1l
Symptoms onset Hemodynainic instability
High-risk STEMI identification
A (in-hospital setting)
Primary
——p + ECG: extensive M| —p | LV unloading
* Killip Class II-11 strategy

* Hemodynamic instability
FMC: MCS centre * Echo: LV dysfunction
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Recognition and Immediate Rapid Basic and advanced Advanced life
activation of the high-quality CPR defibrillation emergency support and

emergency medical services postarrest care
response system
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